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Abstract 

Background:  Critical care randomized controlled trials (RCTs) are often published in high-impact journals, whether 
general journals [the New England Journal of Medicine (NEJM), The Lancet, the Journal of the American Medical 
Association (JAMA)] or critical care journals [Intensive Care Medicine (ICM), the American Journal of Respiratory and 
Critical Care Medicine (AJRCCM), Critical Care Medicine (CCM)]. As rejection occurs in up to 97% of cases, it might be 
appropriate to assess pre-submission probability of being published. The objective of this study was to develop and 
internally validate a simplified score predicting whether an ongoing trial stands a chance of being published in high-
impact general journals.

Methods:  A cohort of critical care RCTs published between 1999 and 2018 in the three highest impact medical 
journals (NEJM, The Lancet, JAMA) or the three highest impact critical care journals (ICM, AJRCCM, CCM) was split into 
two samples (derivation cohort, validation cohort) to develop and internally validate the simplified score. Primary 
outcome was journal of publication assessed as high-impact general journal (NEJM, The Lancet, JAMA) or critical care 
journal (ICM, AJRCCM, CCM).

Results:  A total of 968 critical care RCTs were included in the predictive cohort and split into a derivation cohort 
(n = 510) and a validation cohort (n = 458). In the derivation cohort, the sample size (P value < 0.001), the number of 
centers involved (P value = 0.01), mortality as primary outcome (P value = 0.002) or a composite item including mor-
tality as primary outcome (P value = 0.004), and topic [ventilation (P value < 0.001) or miscellaneous (P value < 0.001)] 
were independent factors predictive of publication in high-impact general journals, compared to high-impact critical 
care journals. The SCOTI score (Sample size, Centers, Outcome, Topic, and International score) was developed with an 
area under the ROC curve of 0.84 (95% Confidence Interval, 0.80–0.88) in validation by split sample.

Conclusions:  The SCOTI score, developed and validated by split sample, accurately predicts the chances of a critical 
care RCT being published in high-impact general journals, compared to high-impact critical care journals.
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Background
Since the late twentieth century, evidence-based medi-
cine has emerged as a new paradigm to produce knowl-
edge and improve clinical practice [1]. Randomized 
controlled trials (RCTs) are considered as the pinnacle 
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of evidence for evaluating new and existing interven-
tions in medicine [2], as long as they are appropriately 
designed, conducted, and reported [3, 4]. They have 
been further promoted by the development of online 
databases, reviews, meta-analyses, and education of cli-
nicians and students [5].

Critical care is no exception. Many RCTs have been 
performed in this field and have often led to publi-
cations in the highest impact critical care journals, 
such as Intensive Care Medicine (ICM), the Ameri-
can Journal of Respiratory and Critical Care Medicine 
(AJRCCM), and Critical Care Medicine (CCM) [6–8]. 
Moreover, landmark trials have changed the manage-
ment of critically ill patients [9–12]. Many of those 
studies have been published in the highest impact gen-
eral journals: The New England Journal of Medicine 
(NEJM), The Lancet, and the Journal of the American 
Medical Association (JAMA).

It is the final purpose of medical research to broad-
cast its results as widely as possible to health care prac-
titioners to most impact the management of patients 
worldwide [13]. In this context, RCTs performed in the 
field of critical care aim to be published in the highest 
impact general journals [2]. As up to 97% of trials are 
rejected outright or post-review, it might be appropri-
ate to assess pre-submission probability of being pub-
lished. To our knowledge, no study has yet explored the 
factors associated with the publication of a critical care 
RCT in a high-impact general journal.

We designed this cohort of studies to identify inde-
pendent predictive factors of publication of a criti-
cal care RCT in a high-impact general journal (NEJM, 
Lancet, JAMA) compared to the high-impact critical 
care journals (ICM, AJRCCM, CCM). The secondary 
objectives of this study were to develop and validate a 
simplified score predicting publication of an RCT in 
a high-impact general journal. We hypothesized that 
most predictive factors of publication of a critical care 
RCT are determined before the inclusion of its first 
patient.

Materials and methods
Study design
We conducted a retrospective cohort of RCTs accord-
ing to the Transparent Reporting of a Multivariable 
Prediction Model for Individual Prognosis or Diagno-
sis (TRIPOD) reporting guideline statement [14]. The 
cohort of RCTs was gathered as a systematic review of 
RCTs performed in critically ill patients between 1999 
and 2018, following the Preferred Reporting Items 
for Systematic reviews and Meta-Analyses (PRISMA) 
statement [15].

Data sources and study selection
The search strategy is detailed in the electronic supple-
mentary material (Additional file  1: eAppendix S1). We 
screened for relevant RCTs performed: (1) on critically ill 
patients, (2) that enrolled adults, and (3) were published 
between 1999 and 2018, (4) in the three highest impact 
general journals [The New England Journal of Medicine 
(NEJM), The Lancet and the Journal of the American 
Medical Association (JAMA)] or the three highest impact 
critical care journals [Intensive Care Medicine (ICM), 
American Journal of Respiratory and Critical Care Medi-
cine (AJRCCM) and Critical Care Medicine (CCM)]. 
RCTs performed on animals, on pediatric patients, on 
non-critically ill patients, bench studies, and simulation 
studies were not eligible. The three journals for each cat-
egory (general journals and critical care journals) were 
selected according to the values of their mean Impact 
Factor obtained over 3 years from 2016 to 2018 [16]. We 
chose to only take into account the three “princeps” gen-
eral journals, which were continuously available from 
1999 to 2018. The “sister” journals of a general journal 
(such as Lancet Respiratory Medicine or JAMA Net-
work) were not included in our research, as they have not 
been continuously available over the 20-year period, and 
their respective impact factors are not in the same range 
as the “princeps” journals.

Data collection
First, two authors (JP and ADJ) independently screened 
the studies retrieved by title and then by abstract for 
exclusion. They assessed the full text of possibly relevant 
studies for inclusion and exclusion criteria. Disagree-
ment was resolved by discussion and arbitrated, if neces-
sary, by a third author (SJ). Data were then added to an 
excel database, specifically designed for this review [15]. 
Journal of publication, year of publication, sample size, 
numbers of centers involved, country of the first author, 
number of countries participating, primary endpoint of 
the RCT, the result of the RCT according to its primary 
endpoint, the type of intervention tested, and the topic of 
the RCT were extracted.

Journal of publication was classified either as a high-
impact general journal (NEJM, Lancet, JAMA) or as a 
high-impact critical care journal (ICM, AJRCCM, CCM).

The result of the RCT was classified either as unsig-
nificant, significant for benefit, or significant for harm. 
We adapted a previously published classification [17] to 
include equivalence and non-inferiority designs. It was 
considered unsignificant if the P value was higher than 
0.05 for superiority trial, or failed to prove the equiva-
lence or the non-inferiority for equivalence and non-
inferiority trials. The result of the RCT was considered 
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significant for benefit if the P value was equal or lesser 
than 0.05 with a better outcome in the intervention group 
for superiority trials, or if the equivalence or non-inferi-
ority was reached in equivalence or non-inferiority tri-
als, or if the superiority of the intervention was reached 
in equivalence or non-inferiority trials. The result of the 
RCT was considered significant for harm if the P value 
was equal or lesser than 0.05 with a worse outcome in the 
intervention group for superiority trials, or if the inferi-
ority was reached in equivalence or non-inferiority trials.

The type of intervention tested assessed whether the 
RCT evaluated a drug or another type of intervention 
[18].

Statistical analysis
The study size was determined by the total number of 
RCTs published in the six journals taken into account 
over the studied period. The database was then split 
into two cohorts according to the year of publication, 
to control time-effect and change of policy in the jour-
nal’s editing [19]. The derivation cohort included the 
RCTs published on even years, and the validation cohort 
included the RCTs published on odd years. We described 
the cohorts using means, ranges, and SDs as appropriate 
for continuous variables and frequencies with proportion 
for categorical variables. We compared proportions using 
a χ2 test. We compared ordinal categorical variables using 
a Kruskal–Wallis rank sum test. There was no missing 
data, so no missing data imputation technique was used 
[20].

Logistic regression was used to identify predictive fac-
tors for publication in a high-impact general journal in 
the derivation cohort [19, 20]. Continuous variables were 
split into multiple categories according to their quar-
tiles. A multivariate model was established to predict 
publication in a high-impact general journal [19, 21]. All 
variables were selected (regardless of their P value in the 
univariate analysis) and a stepwise procedure was used 
to select the final model, according to their Akaike Infor-
mation Criteria (AIC) [22]. No time effect was found by 
entering the year of publication variable in a multivari-
ate model. To establish a simplified score, we gave a score 
to each of the variables included in the final prediction 
model in relation to each one’s b parameter (regres-
sion coefficient) in that model [19]. The discriminative 
ability of the score was evaluated in both cohorts with 
receiver operating characteristic (ROC) curves to esti-
mate the area under the curve (AUC), to internally vali-
date the simplified score [21]. We used the bootstrap 
to internally validate the simplified score by sampling 
with replacement for 500 iterations [23]. The calibra-
tion of the score was graphically assessed by plotting the 
observed probability (Kaplan–Meier estimates) against 

the mean predicted probability within tenths of the pre-
dicted probabilities [21]. A probability of publication in a 
high-impact general journal compared to a high-impact 
critical care journal according to the simplified score was 
considered low under 20% and high over 80%. A P value 
of less than or equal to 0.05 was considered statistically 
significant.

We used SAS, version 9.4 (SAS Institute), for data 
analysis. The simplified score was developed using rigor-
ous methodological standards, was internally validated 
using both split-sample and bootstrap validation, and 
was reported according to the Transparent Reporting of 
a Multivariable Prediction Model for Individual Progno-
sis or Diagnosis (TRIPOD) reporting guideline statement 
[14]. The sample size of the validation cohort met rec-
ommendations for validation studies of prediction tools, 
namely, a minimum of 100 events and a minimum of 100 
nonevents [24].

Results
RCTs population
We identified 18,515 articles using the search strategy. 
We excluded 1780 citations because of duplications and 
15,489 citations on the initial abstract screen, because 
inclusion criteria were not met. After examination of 
the full text of the 1246 selected papers, we included 
968 RCTs in this study. Figure  1 shows the study selec-
tion flowchart. 510 RCTs were included in the derivation 
cohort, and 458 RCTs were included in the validation 
cohort. 129 RCTs (25%) in the derivation cohort and 106 
RCTs (23%) in the validation cohort were published in a 
high-impact general journal. Overall, the median sam-
ple size was 120 [interquartile range (IQR), 46 to 352], 
the median number of centers was 1 (IQR, 1 to 11) and 
the median number of countries was 1 (IQR, 1 to 1). For 
the analysis, the sample size was split into four categories 
(< 46, 46–120, 121–352, > 352) the number of centers was 
split into three categories (1, 2–10, > 10), and the number 
of countries was dichotomized (national design, inter-
national design). Characteristics of the derivation and 
validation cohorts are described in the electronic supple-
mentary material (Additional file 1: Table S1).

Final model development
Univariate and multivariate analyses in the derivation 
cohort are presented in Table 1. In the derivation cohort, 
the sample size, the number of centers involved, and 
mortality or composite including mortality primary out-
come and topic (ventilation or miscellaneous) were inde-
pendent predictive factors significantly associated with 
publication in a high-impact general journal.

The final multivariate model was constructed with the 
510 RCTs of the derivation cohort and all available data. 
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The main predictors for publication in a high-impact 
general journal were sample size, the number of cent-
ers involved, primary outcome, the RCT topic, and an 
international design. Results of the multivariate logis-
tic regression are presented in Table 2. The AUC of the 
model was at 0.91 (95% Confidence Interval (95% CI), 
0.88–0.94) (Fig.  2a). The calibration plot for the deriva-
tion cohort showed that the model calibration line is very 
close to the ideal calibration line (Additional file  1: Fig-
ure S1). There was no collinearity in the model. No time 
effect was found by entering the year of publication vari-
able in a multivariate model (Additional file 1: Table S2). 
No significant interactions were found, neither between 
the outcome and the interpretation result, nor between 
the number of centers and the sample size (Additional 
file 1: Table S3).

Final model validation
Univariate and multivariate analyses in the validation 
cohort are presented in the electronic supplementary 
material (Additional file 1: Table S4). Internal validation 

of the model with the validation cohort indicated high 
discrimination with a model AUC at 0.85 (95% CI 0.81–
0.88) (Fig.  2b). The calibration plot for the validation 
cohort showed that the model calibration line is very 
close to the ideal calibration line (Additional file  1: Fig. 
S2).

After internal validation by bootstrap, the final model 
AUC was at 0.90 (95% CI 0.87–0.92).

SCOTI score development and validation
The simplified score (SCOTI score for Sample size, 
Centers, Outcome, Topic, and International score) con-
structed using the final model is described in Fig.  3a, 
ranging from 0 to 100. The model AUC was at 0.85 (95% 
Confidence Interval (95% CI), 0.82–0.89) (Fig.  2c). The 
calibration plot for the derivation cohort showed that 
the model calibration line is very close to the ideal cali-
bration line (Additional file  1: Fig.7 S3). Distribution of 
the SCOTI score in the derivation cohort is presented in 
Additional file 1: Fig. S4.

Fig. 1  Flow chart of the study
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Internal validation of the SCOTI score on the valida-
tion cohort indicated high discrimination with model 
AUC at 0.84 (95% CI 0.80–0.88) (Fig.  2d). The calibra-
tion plot for the validation cohort showed that the model 
calibration line is very close to the ideal calibration line 
(Additional file 1: Figure S5). After internal validation by 
bootstrap, the AUC of the simplified score was at 0.85 
(95% CI 0.82–0.89). Distribution of the SCOTI score in 
the validation cohort is presented in Additional file  1: 
Figure S6.

Figure  3b presents the predicted probabilities versus 
the observed probability of publication in a high-impact 
general journal on both cohorts in function of the SCOTI 
score. Figure 3c presents the observed probability of pub-
lication in a high-impact general journal according to 
three ranges of SCOTI score. A SCOTI score between 
0 and 45 results in a low probability of publication in 
a high-impact general journal (6%). A SCOTI score 
between 50 and 80 results in an intermediate probabil-
ity of publication in a high-impact general journal (47%). 
A SCOTI score above 80 results in a high probability 
of publication in a high-impact general journal (86%). 
Additional file 1: Table S6 presents the number of RCTs 
published by each journal per SCOTI score category. 
NEJM publishes significatively less RCTs with a SCOTI 
score between 0 and 45 than The Lancet or The JAMA 
(P < 0.001, Kruskal–Wallis rank sum test).

A cutoff at 50 was determined by ROC analyses, to 
allow an excellent negative predictive value and a good 

positive predictive value (i.e., a probability of publication 
in a high-impact general journal compared to a high-
impact critical care journal over 20%). In the validation 
cohort, positive and negative predictive values (95% CI) 
were 49% and 93%, respectively, with a sensitivity of 81% 
and a specificity of 75%.

Discussion
In this predictive cohort of RCTs performed in the field 
of critical care over 20 years and published in the three 
highest impact general journals and the three high-
est impact critical care journals, sample size, number of 
centers, the primary endpoint, and the topic of the RCT 
were independent predictive factors of successful pub-
lication in a high-impact general journal in multivariate 
analysis, compared to a high-impact critical care journal. 
We designed and internally validated by split-sample and 
bootstrap a model and a simplified score (SCOTI score 
for Sample size, Centers, Outcome, Topic, and Interna-
tional score). This study shows that a simple easy-to-use 
model can predict the probability of an RCT being pub-
lished in a high-impact general journal.

All of the decisive factors of the predictive model and 
the SCOTI score are determined at trial conception, 
before inclusion of the first patient [3, 4]. The result of 
the study does not seem to influence its chances of being 
published in a high-impact general journal, leading to 
think that there are few publication bias when it comes 
to well-designed RCTs [25]. This means that high-impact 

Table 2  Study outcomes

OR: Odd Ratio, 95%CI: Confidence Interval at 95%
a  β parameters: coefficients from the logistic regression model

Variable β parameter a Odd ratio 95% CI P value

Intercept − 5.83  < 0.001

Sample size  < 46 0

46–120 1.13 3.09 0.60–15.99 0.18

121–352 2.16 8.64 1.77–42.09 0.01

 > 352 4.13 62.06 11.93–322.94  < 0.001

Centers 1 0

2–10 0.60 1.82 0.83–3.96 0.13

 > 10 1.09 2.96 1.31–6.71 0.01

Primary endpoint Mortality 1.28 3.60 1.81–7.15  < 0.001

Composite including 
mortality

2.50 12.23 3.04–49.28  < 0.001

Other 0

Topic Sepsis 0

Cardiovascular 0.29 1.33 0.50–3.55 0.57

Ventilation 1.88 6.58 2.51–17.26  < 0.001

Miscellaneous 1.69 5.40 2.17–13.44  < 0.001

International 0.53 1.70 0.82–3.53 0.15
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general journals have taken into account concerns 
regarding publication bias raised in the 2000s [25]. It is 
worth noting that it also suggests that critical care RCTs 
published in NEJM, The Lancet, or the JAMA are spe-
cifically designed to address the high requirements of 
these journals [18, 26]. High-impact general journals 
have already disclosed their publication policy as focus-
ing on large, international RCTs with solid endpoints. 

Indeed, high-impact general journals attach importance 
to the methodological construction of an RCT: its sam-
ple size, its multicentric and international character, as 
well as an objective and pertinent outcome, assessing 
mortality either as primary endpoint or as a component 
of the primary endpoint [18]. These results are consist-
ent with a previous study focusing on manuscripts sub-
mitted to the British Medical Journal, The Lancet and 

Fig. 2  Receiver Operating Characteristic curves and Areas Under the Curve to predict publication in high-impact general journals, compared to 
high-impact critical care journals: a final model in development cohort. b Final model in validation cohort. c SCOTI score in development cohort. d 
SCOTI score in validation cohort. AUC: Area under the curve, 95%CI: Confidence Interval at 95%

Fig. 3  SCOTI score. a SCOTI score calculation worksheet. SCOTI score: sample size, centers, outcome, topic, and international score. b Probability of 
publication in high-impact general journals compared to high-impact critical care journals according to the SCOTI score: individual prediction. The 
plot shows predicted (orange curve) and observed (blue dots) probabilities of publication in high-impact general journals according to the SCOTI 
score. c Probability of publication in high-impact medical journals compared to high-impact critical care journals according to the SCOTI score: 
three categories. The plot shows observed probabilities of publication in high-impact general journals according to three groups of SCOTI score: 
“Low probability of success”, “Intermediate probability of success” and “High probability of success”

(See figure on next page.)
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Fig. 3  (See legend on previous page.)
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Annals of Internal Medicine, that found that manuscripts 
with higher methodology scores were more likely to be 
published in those journals [27]. In this paper either, the 
result of a study was not associated with its acceptance. 
The impact factors of the critical care journals have sub-
stantially improved during the studied period, which has 
probably modified the quality of the RCTs published in 
these journals.

It is worth noting that the RCTs included in this study 
were published before the COVID-19 crisis, which may 
have altered the topics highlighted by high-impact gen-
eral journals [28]. However, in the studied period sepsis 
seems to be equally studied in both critical care and gen-
eral journals, while ventilation trials more often attract 
general journals.

Our study is to our knowledge the first to highlight 
independent predictors of publication in a high-impact 
general journal in the field of critical care. Moreover, it 
is to our knowledge the largest database of critical care 
RCTs published to this date, with 968 RCTs published 
over 20 years in 6 high-impact journals. In this study, we 
were able to develop and internally validate by split sam-
ple and bootstrap a simplified score with excellent dis-
crimination and calibration qualities (Fig.  2, Additional 
file 1: Figures S3, S4). We could speculate that the SCOTI 
score presents three major points of interest for research 
clinicians and journal editors. First, it could help to opti-
mize the methodology used to design an RCT accord-
ing to the selected criteria which constitute the SCOTI 
score (Fig.  3) when these criteria are achievable [29]. 
Second, the SCOTI score might help to accelerate knowl-
edge transfer by assessing pre-submission probability 
of acceptance. It is an ethical issue to disclose research 
results to the medical community as fast as possible 
after trial completion. Multiple submissions to general 
journals of an RCT with a low probability of accept-
ance predicted by the SCOTI score could be limited, to 
avoid waste of time. Third, the SCOTI score might be 
useful for authors to better understand how the highest 
impact general journals assess critical care RCTs for pos-
sible publication. However, such a score must not be the 
only component of a submission process, since an RCT 
with a low SCOTI score but with a revolutionary concept 
deserves to be granted funding and wide medical diffu-
sion. Some researchers will probably continue to submit 
their research to general journals rather than directly 
submit to critical care journals even if their SCOTI scores 
were low.

Notwithstanding the fact that our model was devel-
oped on critical care RCTs, its consequences might be 
insightful to researchers of other specialties. An exter-
nal validation cohort on a different field (such as emer-
gency medicine or cardiology) could be complementary 

to our analysis. Finally, although the score was built over 
20 years, no effect of time was identified, neither as fixed 
nor random effect.

Our study also has limitations. First, we could not 
assess the manuscripts rejected by each journal over 
the period. Since our study hypothesizes that every 
RCT would have been published in a high-impact gen-
eral journal if it had been accepted by one of them and 
that every RCT published in a high-impact critical care 
journal would have been rejected by high-impact gen-
eral journals, it would have been an added value to com-
pare both submitted and published RCTs to verify this 
hypothesis. Second, since there is little to no literature 
on this subject, variables collected and assessed for the 
model development were selected according to an expert 
panel (ADJ, GC, EA, EF, NM, SJ) and data on similar 
subjects [18, 30, 31]. Noteworthily, we chose to dichoto-
mize the country of the study in United States of America 
versus other, while other classifications might have been 
used (such as English-speaking countries versus other). 
Moreover, we did not study in this paper the potential 
“human factors” (the number of publications of the first 
or last author, the endorsement by a large consortium or 
trial group, gender of authors…) influencing the publica-
tion process, since it would have highly increased the risk 
of collinearity with other variables [32]. Similarly, we did 
not focus on other methodological aspects, such as the 
absence of bias or the robustness of the statistical anal-
ysis. These human and methodological factors should 
be specifically evaluated in future works [33]. Third, we 
chose to include in our study the journals with the high-
est recent Impact Factors. From 2007 at least, data from 
Harhay and al. indicate that the 6 studied journals are the 
journals that publish the largest number of RCTs of their 
respective categories [18]. Likewise, we did not include 
in our analysis the sistership journals of the high-impact 
general journals (such as Lancet Respiratory Medicine), 
since their impact factors is closer to critical care journals 
than to high-impact general journals. Moreover, their 
existence is recent, and they cannot be evaluated from 
1999 to 2018. Other methods of journals selection might 
have led to other journals being included. Fourth, since 
no linearity hypothesis could be done on any of the con-
tinuous variables, we had to categorize those variables. 
We split the variables into categories according to quar-
tiles, since it is a valid and reproducible method. Fifth, 
we assessed high-impact general journals as a whole, 
but they might have different policies from one another. 
Sixth, comparing the characteristics of the trials accepted 
in the 6 included journals to journals with lower Impact 
Factors might have been very interesting, since publish-
ing a paper in one of the 3 highest Impact Factor critical 
care journals is becoming more and more challenging.
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Conclusions
In this predictive cohort of critical care RCTs, the sample 
size, the number of centers, the primary endpoint, and 
the topic of an RCT were independent predictive factors 
of successful publication in a high-impact general jour-
nal in multivariate analysis, compared to a high-impact 
critical care journal. The SCOTI score was developed 
and internally validated by split sample and bootstrap. It 
predicts the probability of a critical care RCT being pub-
lished in a high-impact general journal.
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